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[57] ABSTRACT 

A lens (10) that substantially blocks horizontally polar- 
ized light and selectively blocks wavelengths between 
300 and 549 nanometers. The selective blocking is con- 
trolled by a sharp cut-on filter (14) selected to cut-on at 
either 450, 500, 515, 530, or 550 nanometers. The spe- 
cific blocking and cut-on point selected is dependent 
upon the ultimate usage/environment of the lens (10). If 
a 450 cut-on filter is selected, wavelengths between 300 
and 449 nanometers are blocked before a cut-on occurs 
at 450 nanometers; similarly, a 550 cut-on filter blocks 
wavelengths between 300 and 549 nanometers before a 
cut-on occurs at 550 nanometers. The lens (10) also 
allows 30 to 40 percent of wavelengths over 625 nano- 
meters to be transmitted. The filter (14) in combination 
with the polarizer (16) blocks harmful Ultraviolet radia- 
tion and blue light. While a beneficial and calming effect 
is achieved by wearing only blue-blocking lenses, the 
addition of the polarizer (16) substantially enhances the 
calming effect and the improvement of vision without 
visual discomfort 

19 Claims, 5 Drawing Sheets 
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base element that supports a thin and delicate organic or 
ULTRAVIOLET R ADIATION AND BLUE LIGHT inorganic surface film such as a plastic polarizing film. 
BLOCKING POLARIZING LENS The film is protected from the damaging effects of mois- 

ture* scratching and abrasion by a protective plastic 
CROSS REFERENCE TO RELATED 5 coating. The hardness of the protective coating is con- 

APPLICATION trolled to avoid excessive flexibility or brittleness, so 

This application is a continuation-in-part of applica- that good scratch resistance over a relatively soft film is 
tion Ser. No. 07/019,556 filed Feb. 26, 1987 now aban- obtained. 

doned. The Krumeich German Offcnlcgungsschrift discloses 

TcrmnPA t tttci n 10 an optical filter that corrects red/green color blindness. 

TECHNICAL FIELD The filter is designed so that in the blue to green range 

The invention pertains to the general field of sunglass of the visible spectrum, the spectra curve progresses at 
lenses and more particularly with lenses that combine a a constant rate at very low values and increases steeply 
polarizer that blocks horizontally polarized light and a to a high value in the green to red range. The filter is 
sharp cut-on filter that blocks blue light and ultraviolet 15 particularly advantageous if its spectra curve has a per- 
radiation. meability of under 0.01 percent in the blue to green 

BACKGROUND ART range and a transmission that increases to approxi- 

mately 100 percent in the red range. 
It is well known that energy radiated in the form of The Bloom patent discloses an element for filtering 
light is capable of inducing and/or promoting certain 20 infrared A metal complex is employed as an infra- 
photochermcal reactions and that different photochemi- red absorber in which the metal is a metal of the first, 
cal reactions are induced by the acfcon of light rays (or or ^ mctal series which wiU pro- 

photons) of various wavelengths. Certain wavelengths ^ a lex effective infrared absorber and 

of light, especially tfcose in the blue and ultraviolet wMch fa effectively transparent to light in the visible 
range, are known to be injurious to the eye. 25 reeion of the soectrum 

JK^^ Th e Franc^leTTpatent discloses a method of coat- 

ing a -treou, substrate, such as gla^with a fluid coat- 
overall reduction of the injurious light and radiation. m « composition. The coating imparts to an oAerwise 
Lenses dyed for this purpose are known as protective 30 cl ff transparent glass substrate die light trans- 

lenses. Protective lenses may block harmful wave- "Stance characteristic of amber or darker glass. The 
lengths either by reflection or, more commonly, by simulated amber glass obviates the necessity of having 
absorption. The second function is fulfilled by lenses separate amber glass, batch-melting and auxiliary manu- 
which fulfill cosmetic requirements and are referred to facturing apparatus and related equipment, 
as fashion tints. Combination dyes covering both re- 35 The Riley patent discloses an absorbent Uquid coating 
quirements are also available. " composition that forms a film that is applied as a protec- 

In the current art, there are protective lenses that tivc and/or decorative coating to glass and other nor- 
block blue and ultraviolet wavelengths and there are mally transparent or translucent materials. The film has 
separate polarizing lenses that block horizontally polar- the properties of absorbing substantially all the wave- 
ized incident light. The combination of a polarizing and 40 lengths of ultraviolet, violet and blue light below ap- 
a blue and ultraviolet blocking lens is not currently proximately 490 nanometers and substantial amounts of 
available as confirmed by a listing of lenses published in wavelengths from 630-7 50 nanometers. The film allows 
1986 by Retinitis Pigmentosa International and a search the transmission of selected wavelengths above 490 
of the advertising literature. The non-availability of nanometers. 

SSZttSr^VSg^ 45 BRIEF DESCRIPTION OF DRAWINGS 
nies on the detrimental effect of the blue light hazard to FIG. 1 is a graph that shows the five spectral curves 
the retina of the eye and the technical problems encoun- of the invention and the position of each curve within a 
tered in combining the temperature-sensitive polarizing blocking zone, a transition zone and a transmissive zone, 
film with the dye. This problem has been solved by the 50 FIG. 2 is a graph that shows the transmission spectra 
instant invention by selecting dyes that can provide the of a combination of dyes that eliminate ultraviolet holes, 
required blue blocking at a temperature that will main- FIG. 3 is a table that lists the various conbination 
tain the usefulness and structural integrity of the polar- dyes, the time and temperature required to provide the 
iang film. specific cut-on wavelengths desired and the recom- 

A search of the prior art did not disclose any patents 55 mended uses for the lens, 
that read directly on the claims of the instant invention. " FIG. 4 is a graph that shows the failure curve of 
However, the following U.S. and foreign patents were polarizers and the preferred area where a polarizer can 
considered related: be safely processed with the combination hot-dip dyes. 

FIG. 5 is a cross-section of a lens showing the dye 
60 absorbed into the surface of the plastic and a polarizing 
film laminated between the two halves of the cast or 
preformed plastic lens. 

FIG. 6 is a cross-section of a lens showing the dye in 
the body of the plastic and a polarizing film laminated 
. 65 between the two halves of the cast or preformed plastic 
lens. 

The Shy-Hsien Wu patent discloses a transparent, FIG. 7 is a cross-section of a lens having a laminated 
optically clear article that consists of a glass or plastic polarizing film and a dye that is in a coating or a lami- 
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nated film that is bonded to the inside or outside of the (or blueness) of a specular source, and the intensity of a 

lens. specular source should enter into the control of the 

TM«jrr nsTror: nt? -ruts ixmrxmnv information handling of the retina and the apparent 

DISCLOSURE OF THE INVENTION ^ b fcfcrred to £ ^ ^ lue . glint retinal reS ponse." 

The ultraviolet radiation and blue light blocking po- 5 This effect was unknown before the reduction to prac- 

larizer lens is designed primarily for use with sunglasses tice of the instant invention. 

to block horizontally polarized light, to selectively Information processing in the eye enters into many 

block selected wavelengths from 300 to 549 nanometers neurological responses in the brain. In particular, the 

and to pass 30 to 40 percent of wavelengths longer than C ye supplies information which sets neuroendocrine 

625 nanometers. The selective blocking is controlled by 10 i eV els appropriate to sleep and alertness. It has also been 

a sharp cut-on filter selected to cut-on at either 450, 500, suggested that light level and spectral composition 

515, 530, or 550 nanometers. The atmosphere blocks enter into seasonal behavior patterns involved in mood 

wavelengths that are shorter than 300 nanometers. m hormone levels. Since the blue-glint informa- 

Therefore, only wavelengths longer than 300 nanome- tion processing response allows the blue, high intensity 

ters need be blocked for safety. * 5 light to be disproportionately effective in stimulating 

Sunglasses are normally made for light or dark condi- sensitivity responses, it may also be involved in the 

tions and it is customary to have one or two pairs of cah ^ ng effect which is far beyond that noted from blue 

sunglasses^one for overcast days and another for blocking lenses ^ ^ ef fect of the blue glint re- 

sunny days The mventive lenses found to be usable moval not ^ to the retina , but may also 

over a wide range of lighting conditions torn dark 20 ^ g p8ycho . phy8ical effect on the brain . The brain 

rainy days to bnlhant desert sun. Tins unexp^ted use- ^ m a M q{ the fetinal 

fulness, under such a wide range of light conditions, is c ' eo ♦w-u™ ~~~a ;J^7i; ~u 

thought to be caused by a pWhysiological (or J^SSSS^ * 

M ™» blue A* Phenomenon may have evolved in 

high intensity stimulation m local areas of the vuud 25 particular damaging effects of high 

SXtio? ' g intensity blue UgrHn the retina. Ttoe is a theory of 

Another important and unexpected advantage of the radiation damage involving the concept of daily 

inventive lens is the strong improvement in vision pro- darr^ge accumulation and of renewal mechanisms that 

vided in bright light without discomfort to the eye. In 30 ****** b J removm « and re P , lacm « &*J*m- 

other words, the user simultaneously sees very clearly molecules and structures or ceUs. In addition, 

with no discomfort from this intensely clear vision. It is by-products of the renewal process (amino acid se- 

hypothesized that this phenomenon is also a result of a pacing defects in proteins and the formation of other 

photo-neurologic or psychophysical response to the nondegradable molecular debris such as liporuscin) can 

removal of blue light and high intensity glints reflected 35 3180 accumulate resulting in impaired cell function, 

into localized areas in the visual field. Under ^ theory, the retinal cells progressively accu- 

The removal of these glints and blue light appear to mulate damage, and when damage rates are higher due 

act synergistically to change the behavior of the retina t0 f 13 ™^ chemical or radiation exposure, the accumu- 

resulting in the increased visual sensitivity and inducing lation of damage is also higher, 

a calming effect to the user. The inclusion of a polarizer 40 Superimposed upon this general increase in debris 

substantially enhances the calming effect. It is again fr° m the renewal process in the retina, there are shorter 

hypothesized that the removal of the high intensity term accumulations of damage which occur during 

areas of the visual field affects the neural response to the hght exposure during the day which is then removed 

light and thus increases the calming effect of the blue ^ replaced overnight However, the renewal mecha- 

blocking alone. 45 a^ms have finite rates of repair, and if the light expo- 

A general trait of sensory systems is that the sensitiv- sure is over a certain point, the renewal processes ©ver- 
ity of the system to information input is affected by the night are insufficient to bring the retina back to close to 
intensity of the stimuli presented to it In the case of the it* previous state by morning. This damage is similar to 
eye, damage is principally caused by intense exposure to the progressive accumulation of damage described 
short wavelength radiation. In the case of a visual field 50 above, and contributes to it, but it is in addition to this 
where there is a diffusely illuminated area and a specu- progressive accumulation of damage, and affects the 
lar reflection of the sun in that area, the retina is most function of the eye on a shorter time scale. An example 
sensitive to damage from the contribution of the specu- of this is the repair activity noted in night vision degra- 
lar portion. dation in experiments with lifeguards. For damage 

The eye is able to see over a wide range of lighting 55 above the night vision degradation threshold, the exper- 

conditions by changing the sensitivity of the retina as a iment disclosed that the night vision would gradually 

function of the light input and by changing the diameter improve overnight but that the gains would lag below 

of the pupil. The settings for these factors are in part the level of vision the night before. If adequate protec- 

based on a tradeoff between a need for safety to the tion was given during the day however, the eye's night 

retina and the need to see well. Since the specular 60 vision would return to normal after a few weeks as the 

sources are disproportionately effective in causing dam- cell renewal processes caught up. 

age to the retina, it is reasonable to hypothesize that With longer exposure times, the time available for 

specular sources would be disproportionately effective renewal mechanisms to act become more significant, 

in supplying sensitivity settings to the retina. The cellu- For solar retinitis, the time scale is short. The rate of 

lar site for this effect could be Ricco's area in the gan- 65 damage is sufficiently high to cause a lesion and the 

glion cell receptive field center since it is known to be continuing exposure would result in blindness in a short 

involved in setting the gain of receptor cells in the re- time. Night vision degradation, in contrast, requires less 

tina for simple brightness. Accordingly, the wavelength irradiation and thus lower damage rates than solar reti- 
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aids and is more afiected on a day to day basis by the 
efficacy of repair mechanisms of the eye. 

When the rate of damage overall is equal to the rate 
of renewal overall, a threshold is reached above which 
damage gradually accumulates resulting in the progres- 
sive loss of vision. This damage threshold is used in 
setting the standards discussed in this disclosure and is 
the basis for the design of the inventive lens. 

Functional impairment of the retina is assoc i ated with 



The intensity of photons in the glint can also contrib- 
ute to the photochemical damage due to the heating of 
the retina in the vicinity of the glint. High intensity 
glints of light in the visual field cause a localized area of 
the retina to be exposed to far more photons per second 
than outside the focussed glint area. Even wavelengths 
which are relatively harmless (longer than 600 nanome- 
ters) can, under some circumstances cause damage due 
to thermal heating of the retina in those areas. Thermal 



a threshold for damage for a particular time scale of 10 heating potentiates photochemical degradation of the 



exposure. The threshold for a retinal lesion is at a higher 
irradiance or for a longer time scale than for night vi- 
sion impairment. 

This lower irradiance, longer term damage which has 
been quantitatively demonstrated by researchers, has 
shown that for a given wavelength, smaller irradiances 
result in damage if the exposure time is longer and for a 
given irradiance, longer wavelengths can produce dam- 
age if the exposure time is longer. To extrapolate to 



receptor segments in the retinal cells, thus encouraging 
damage to the rods and cones of the eyes. By removing 
the heated areas, the blue light which impinges on the 
retina is thus rendered less harmful. The additional 
15 contributory effect of the glint may cause the damage 
threshold to be passed in a given retinal cell, and photo- 
chemical damage would then occur in that location of 
the glint image. Without the glint, the blue photons may 
be below threshold damage level and no irreversible 



longer time scales and lower irradiances, the efficiency 20 damage would occur. Removal of the glints removes 



of renewal mechanisms would become more significant 
in detennining the threshold for functional impairment 
resulting from exposure to damaging influences such as 
radiation. It has not been proven that the damage mech- 
anism is the same for short time scales as long ones, and 
the site of injury has been suggested to shift from the 
retinal pigment epithelium to the receptor layer for long 
term damage. However, the basic idea of radiation in- 
duced damage due to the formation of impaired renewal 



the heating and thus the passing of the threshold for 
damage by the blue light in those areas. This thermo- 
chemical potentiation of damage has not been taken into 
account quantitatively in this analysis. 

Removing the glints substantially improves the safety 
of the sunglass without resorting to the more extreme 
blue blocking that would be necessary to achieve the 
same degree of retinal safety. It has been found by re- 
searchers and those companies which make blue block- 



mechanisms still holds even in this case as well as an 30 ing glasses, that many people are disoriented and even 



action spectrum similar if not identical to the blue light 
hazard spectrum. This suggests that for long time scales 
such as a lifetime, the renewal mechanisms are impor- 
tant determinants of the long term prognosis of blind- 
ness or eye health. 35 

Damage from high energy visible (blue and violet) 
and UV photons is due to the formation of reactive 
molecules which form when cellular materials are 
struck by the photons. The repair mechanisms involve 
transport and conversion of highly reactive molecules 40 
to less reactive forms without allowing these molecules 
to react with the cellular materials. The lysosomal en- 
zyme systems that remove damaged molecules are capa- 
ble of handling sub-threshold damage rates. However, 
over the threshold, damaged molecules accumulate 45 
resulting in impairment to the functions of the cell as the 
reactive molecules react with the cellular materials and 
enzymes. This "threshold dependent" damage would be 
above and beyond the "normal" accumulation of lipo- 



nauseated by blue blocking lenses. The effect was so 
strong that many companies sought the medical market 
only, ignoring the majority of sunglass wearers in the 
U.S. 

Blue light exposure has also been shown to affect the 
levels of thyroxin differently from other wavelengths of 
tight in an animal study and this effect might occur in 
humans. Furthermore, in other animal studies, the blue 
light has been shown to block the release of melatonin 
from the pineal gland better than other wavelengths of 
light. Thus, wearing blue blocking glasses may result in 
an increased release of melatonin from the pineal. The 
nullifications of this melatonin increase may be far 
reaching since melatonin has been shown to affect other 
hormonal systems which in turn affect metabolism and 
sex hormones. It is known that manic-depressives' mela- 
tonin levels are hyper-sensitive to light levels. Addition- 
ally, some people have "winter depression" during the 
dark short days of winter which was then relieved by 



fuse in associated with renewal processes. Therefore it is 50 exposure to high intensity blue-rich fluorescent lights. 



advisable to stay below the threshold in the interest of 
limiting long term damage to the retina. 

The irradiance relative to the threshold is then the 
single most important factor determining the safety and 
related comfort of a sunglass lens. The mathematical 55 
analysis below has shown that under some light condi- 
tions, a filter without a polarizer is insufficient to stay 
below the calculated threshold. Accordingly, in the 
area of a glint image on the retina, the tissues on a local 



Melatonin is also known to increase retinal degenera- 
tion under high light iDumination. 

Researchers generally agree that humans are geneti- 
cally adapted to a forest cover environment and thus 
would normally get less blue light exposure and thus 
more melatonin. Hence wearing the inventive lenses 
may return melatonin levels to a higher and more his- 
torically normal and more healthful level. While blue 
blocking to some degree may modify the endocrine 



scale are closest to threshold and likely to go over it In 60 systems in animals, it appears likely that they modify 



order for a conventional sunglass to be able to reduce 
the glints to a level where they are below threshold, the 
lenses would have to be so dark as to be nearly useless 
for vision. The damage to the retina takes place on a 



them for the better, returning the system to a more 
healthful, natural and balanced state. 

For these reasons, the blue blocking is desirable but 
should not necessarily be done to excess so long as the 



small spatial scale, and thus the threshold crossing effect 65 retina is well protected. Since the benefits to the retina 



of the glints is under some conditions the only signifi- 
cant damage to the eye during irradiation with blue 
blocking lenses. 



of blocking blue light are very firmly established, some 
blue blocking is desirable. The ideal situation exists 
where the glints are removed, so that the illumination is 
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relatively uniform. Under these conditions, a minimum Sj— The distance the image of the sun lies behind the 
of blue light can be blocked while still keeping all reti- convex reflector, 

nal cells below threshold. 8 5D /=distance to the sun. 

Accordingly , a range of lenses which selectively r« radius of curvature of the reflective surface 
block from 300 to 450 nanometers and which have a 5 (r>0-*convex reflector) 

sharp cut-on filter from 450 to 550 nanometers with a The total radiance of the image of the sun is given by: 
polarizer have been selected so that the individual has 

an appropriate amount of short wavelength blocking Li=R m LwfTatmovkm I 3 1 

for adequate protection under a wide range of light 
environment conditions. ^ Where: 

L/=The radiance of the image of the sun. 
Analysis Demonstrating the Value of the Inventive R=the combined reflectance of the reflecting sur- 

Lens face. 
An analysis was performed to calculate in absolute Tatmosphtre—th^ transmission of the Earth's atmo- 
terms the intensity of hazardous light reaching the eye 15 sphere. 

under various circumstances with optical filters inter- L»j=radiance of the sun as viewed from above the 
posed between the eye and the light source. This analy- Earth's atmosphere. 

sis considers the effect of polarizers on reducing the The preceding analysis does not consider polarization 
intensity of light under different hazardous outdoor - n effects. To consider polarization effects, different re- 
light conditions. The hazards were compared with flectance coefficients must be used for the two axes of 
known exposure levels for solar retinitis and night polarization denned by the plane of incidence. The light 
blindness resulting in absolute standards for sunglass emanating from the image of the sun is composed of 
performance. Under some circumstances only the in- both horizontally polarized light and vertically polar- 
ventive lens were sufficient to meet the standard. 2 j s " lce wc are assuming a vertical plane of 

It has been shown that high levels of blue light incidence, and since sunlight is randomly polarized, the 
(400-500 nanometers range) reaching the retina are radiance of vertically polarized light and horizontally 
harmful to visual performance and the health of the eye. polarized light are given by: 
In order to determine the hazard under real and perti- 
nent conditions, models of actual light environment 30 Lihoruantai^Liperp^iUofW Tatmapken'RpeTp [4a] 
conditions were made. Within those environments, two 

broad categories of hazardous blue light sources were ^w^=W)*r^ R^ and, m 

considered: "glints" and "extended sources". Uo^+r.^/-^ M 

"Glints" consist of essentially specular reflections of 
the sun. These sources have some degree of polarization 35 (Rperp+Rper^n-R [4d] 
due to the nature of reflections. Glints also subtend a 
small angle of the eye's field of view. The "extended Where: 

sources" included diffuse reflections of the sun from L/ wrtIca /=the radiance of vertically polarized light 
such high reflectivity surfaces as snow and clouds as radiating from the image of the sun in 

well as the blue light of the sky. These sources subtend 40 Watts/(cm 2 *steradian) 

a large angle in the eye's field of view and expose large Lihorizontai=&e radiance of horizontally polarized 
areas of the retina to an essentially uniform level of Ug n t radiating from the image of the sun in 

Rumination. Watts/(cm 2 *steradian) 

Calculation of Hazard Values for Specular Reflection A5 to reflectance coefficient for light which is 

Sources polarized perpendicular to the plane of incidence 

(horizontally polarized light) 
A glint is a reflected image of the sun as viewed by R^^the reflectance coefficient for light which is 
the observer's eye. The plane of incidence (defined by polarized parallel to the plane of incidence (verti- 

the incident and reflected ray) is vertical for all reflec- ca u v polarized light) 

tions studied in this analysis. This is because most com- 50 -p^e factor of 2 enters in because half of the incident 
monly encountered reflections of the sun are reflected sunlight is horizontally polarized and half is vertically 
from horizontal or nearly horizontal surfaces. The size polarized. 

of this image is given by: The reflectance coefficients for reflection of light off 



[11 55 



of a dielectric material (such as glass or water) are given 
by: 



Where: R„-l«n (?,-*)/«n (*H-y,)] 2 I5aj 
y,= diameter of the image of the sun. 

y^/= diameter of the SUn. Rpam — (tan (qi-qd/tan (ff/+^P Pb] 
Sso/= distance to the sun. 60 

r= radius of curvature of the reflective surface ii=W*Pgi M 

(r>0-K;onvex reflector) 

The distance the image of the sun lies behind the Where: 

convex reflector is given by: qi=the angle of incidence measured relative to the 

65 normal of the plane. 

j/a-l/(2/r+l/ta/) [2] q,=the angle of transmittance of the light into the 

dielectric medium. 

Where: n/= index of refraction of incident medium (air) 
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n*= index of refraction of transmitted medium (glass, 
water, etc) 

Rpara= Reflectance coefficient for light polarized 
parallel to the plane of incidence (vertically polar* 
ized light). Rpara= (Intensity of reflected light 
which is polarized parallel to plane to incidence)/- 
(Intensity of incident light which is polarized paral- 
lel to plane of incidence) 

Rperp = Reflectance coefficient for light polarized 
perpendicular to the plane of incidence (horizon- 
tally polarized light). Rperp = (Intensity of re- 
flected light which is polarized perpendicular to 
plane of incidence)/(Intensity of incident light 
which is polarized perpendicular to plane of inci- 
dence) 

The angle subtended by the image of the sun as 
viewed by the observer's eye is given by: 



10 



15 



The standards concerning exposure to hazardous 
levels of blue tight are expressed in terms of hazard- 
weighted irradiance or hazard-weighted radiance. This 
hazard function incorporates the fact that certain wave- 
lengths of light are more damaging to the retina than 
others. In general, the shorter the wavelength of light 
the more damaging it is. This is due to the photochemi- 
cal nature of the actinic damage mechanism. However, 
the ultraviolet (UV) wavelengths of light are largely 
absorbed by the cornea, lens, and aqueous and vitreous 
humors of the eye and therefore very little of the short 
wavelength UV light reaches the retina. These two 
effects combine to produce a retina hazard function 
which peaks in the blue region of the spectrum at about 
450 nm. The equations for calculating the hazard 
weighted radiances and irradiances are given by: 

For extended sources: 



ateAtan(Ki/(Jr+*£)) 



[61> 



20 L b = 



1400n 



Where: 

ae=The angle subtended by the image of the sun as 

viewed by the observer's eye. 
yi» diameter of the image of the sun. 
Stf= distance between observer's eye and reflecting 25 

surface. 

s/= distance image is behind reflecting surface. 
The corneal irradiance caused by the image of the sun 
is given by: 

30 

Where: 

E= corneal irradiance caused by image of the sun 
L/= radiance of the image of the sun 35 
q ff =a e /2=half angle subtended by the image of the 

sun as viewed by the observer's eye. 
The different reflection coefficients for the two axes 
of polarized light lead to separate radiances and irradi- 
ances for each axes of polarization. The irradiances for 40 
the horizontal and vertically polarized light are given 
by: 



400 ma for t > 10000 seconds 



[10] 



Where: 

L*=the hazard weighted radiance in W/(cm 2 *sr) 

Ljourctf(I)=the spectral radiance of the source as a 
function of wavelength in W/(cm 2 *sr*nm) 

BLH(I)=the blue light hazard function as a function 
of wavelength 

Al=the interval of wavelength at which measure- 
ments are taken and the calculation is made. In this 
study spectral data was taken at intervals of 5 nm. 

And for point sources subtending less than 1 1 millirad 
(approximately 0.62 deg.) we have: 



E b - 1400 nm Ba^lfBLHW U 

400 nm for I > 10000 seconds 



.[Ul 



Ehomontal=& ^LthorizontaT («n ( 



M 
[8bl 



45 



50 



55 



Where: 

B/ K v&Dftfiz/= s the corneal irradiance of horizontally 
polarized light caused by the image of the sun. 

Bwticof—the corneal irradiance of vertically polar- 
ized light caused by the image of the sun. 

The different reflection coefficients for the two axes 
of polarized light lead to separate radiances and irradi- 
ances for each axis of polarization. The reflectance 
coefficients shown above indicate that the light which is 
polarized perpendicular to the plane of incidence is 
reflected more strongly. Consequently, polarized sun- 
glass lenses are oriented so that they block the light 
which is polarized perpendicular to the plane of inci- 
dence. Since the polarizers used are aligned so that they 
block virtually all of the light which is polarized per- 
pendicular to the plane of incidence, the total corneal 
irradiance after the light from the image of the glint has 
passed through the polarizer is given by: 



Where: 

E6=the hazard weighted irradiance in W/cm 2 

EjKimOQ^ the spectral irradiance of the source as a 
function of wavelength in W/(cm 2 *nm) 

BLH(I)=the blue light hazard function as a function 
of wavelength 

Al— the interval of wavelength at which measure- 
ments are taken and the calculation is made. In this 
study spectral data was taken at intervals of 5 nm. 

The standards given for the two types of hazardous 
sources are given by researchers in the field as follows: 



L b < -0.01 W/WV) for l> = 10* seconds [12] 
Eb<-\ microwatt/cm^or t> = 10 4 seconds [13] 



To calculate the effect of a spectrally selective filter 
on the hazard weighted irradiance and radiance of a 
hazardous source, the spectrum of the source as viewed 
through the selective filter must be calculated as fol- 
lows: 



Ljiltmdsourc/X) = Tfllur *I.»a#ef(D and, 



[14] 
[13] 



65 



The blue light hazard of the source when viewed 
through the filter can now be calculated by inserting 
L/utered source® in place of L S0U rafl) in eqn [10] and 
inserting B/jitendsourceO) in place of E J0Z mx(I) in eqn [1 1]. 

Finally the blue light hazard of a glint as viewed 
through the combination of a spectrally selective filter 
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and a properly oriented polarizer is calculated by substi- 
tuting Liwtiati in place of L aune in eqn [14] and substi- 
tuting EiicrticalinptaccofEsourcein eqn [15] and proceeding 
with the calculation by inserting the resulting source 
radiance and irradiance in eqns [10] and [11] respec- 
tively. 

In this analysis these extended sources are assumed to 
have a negligible degree of polarization. Blue skylight is 
horizontally polarized to some degree in the direction 
opposite the position of the sun but most extended 
sources do not polarize light appreciably. 

The quantity of importance for extended source opti- 
cal hazards is the radiance, L*. For extended sources 
such as the blue sky, the radiance is measured directly 
and weighted by the procedure described by eqn [1 1] to 
produce the blue light hazard weighted radiance. For 
extended sources illuminted by the sun which are essen- 
tially white lambertian scatterers such as fresh snow, 
dry white sand, or the top of a cloud deck the radiance 
is given by: 



10 



15 



20 



[16] 



The blue light hazard weighted radiance of solar 
illuminated extended sources is given by: 25 



[11 



Where: 

Lrf6=:the blue light hazard weighted radiance of the 30 
extended scattering source which is illuminated by 
the sun. 

R</=the diffuse reflectance coefficient of the scatter- 
ing surface. 

q w /— the half angle subtended by the sun. 

Lx)/fr=the blue light hazard weighted radiance of the 
sun as calculated below: 



35 



12 



1 microwatt/cm 2 > « 
(or 0.02 microwatt/cm 1 ) 



1400 nm 
400 nm 



1181 



Where: 

E*=the hazard weighted irradiance in W/cm 2 
Esoy/reO)=the spectral irradiance of the source as a 

function of wavelength in W/(cm 2 *nm) 
BLH(I)=the blue light hazard function as a function 

of wavelength 
Al=the interval of wavelength at which measure- 
ments are taken and the calculation is made. 
The corneal irradiance which results after the inci- 
dent light has passed through the spectral filter =Ebf t i- 
terzd. By substituting EptgndamnM for EsourcAJ) and 
EbfiUend for E& in equation [18] we have the following 
equation for Eb/iiuntP 



1 microwatt/cm 2 > = 
(or 0.02 microwatt/cm 2 ) 



[19] 



1400 nm 

400am E / UtmdsoaK ^ BLH ^ m A ' 



Where: 

EfdtervdsourvetJ) = the spectral irradiance of the source 
after it has passed through the spectrally selective 
filter. 

E^ cm /=the hazard weighted irradiance of the 
source alter it has passed through the spectrally 
selective filter. 

Substituting equation [15] into [19] yields: 



1 microwatt/cm 2 > - E^Uemi - T/jiuW E^^^BLffit) 9 A/ 

(or 0m microwatt/cm 2 ) 0111 

1400 nm [io] 45 Where: 

Lsoib - 400 am for t >* 10000 seconds ^^blhw T fm*Q) =the spectral transmission of the sunglass 

filter without polarization. 

Where: Since the polarizers used are aligned so that they 

L»ft=»the hazard weighted radiance of the sun in bIock virtually aU of the light which is polarized per- 

W/(cm 2 *sr) 50 Pedicular to the plane of incidence, the total corneal 

Lm/(I)= the spectral radiance of the sun as a function irradiance after the light from the image of the glint has 

of wavelength in W/(cm 2 *sr*nm) through the polarizer is given by: 

BLH(I)=the light blue hazard function as a function 

of wavelength E p -E wrtte/ [9] 

Al=the interval of wavelength at which measure- 55 — , , , « ~n .t_ 
ments are taken and the calculation is made. In this - Therefore, only E^KD, thevertical component of 
study spectral data was taken at intervals of 5 nm. the cornea. Thus he total corneal 

irradiance, in Watts/cm 2 , which results after the inci- 
DERTVATION OF METHOD FOR dent light has passed through the spectrally selective 

QUANTITATIVELY SELECTING CUT-ON M filter and the polarizer is defined as Ebpolfiltered and is 
WAVELENGTHS: given by: 



[21] 

, 1400 nm 

1 nucrowatt/cm 2 > - E^tem* = 2 Tfa^E^^i^BLH^ U 
(or 0.02 microwatt/cm 2 ) 400 ^ 



Equations [11] and [13] can be combined to give: Where: 
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EwrfeoKI) = the unfit tered corneal spectral irradiance effects of exposure to certain wavelengths of light. One 

of vertically polarized light caused by an image of of these reports found that the 35 to 50 percent tansmis- 

the sun in W/(cm 2 *nm). sion of conventional sunglasses was usable to provide 

To choose the cut-on wavelength which is appropri- protection lasting longer than a day or so while 10 to 12 

ate for the environmental conditions, typical values of 5 percent transmission sunglasses are adequate to protect 

EwtfeaKl)> the vertically polarized component of the night vision for longer periods. It has also been argued 

unffltered corneal irradiance, must be measured. Equa- that short wavelength visible light is the effective part 

tion [22] may now be solved iteratively for the cut-on of the spectrum in their observed degradation of night 

wavelength, Won wavelength, which results in a spectrum vision. From this premise, and by using the original 

which reduces the corneal irradiance to a safe value 10 calculations shown above, we are able to calculate the 

(«— 1 microwatt/cm 2 for solar retinitis, <— 0.02 mi- hazard weighted radiance the subjects were exposed to 

crowatt/cm 2 for night vision loss). and thus determine the threshold for night vision pro- 
lyl 

1400 am 

1 microwatt/cm 2 > - EtpoifUiard = , 2 TjiheM % E wnicM*BLH{l)* A/ 
(or 0.02 microwatt/cm 2 ) "nrf«tf* 

Where: tection. It appears that the threshold for night vision 

E/u)o0?/ter¥rf=the total corneal irradiance, in 2Q degradation is at approximately 0.2 mWatt/(cm 2 *sr). 

Watts/cm 2 , which results after the incident light The threshold for solar retinitis is 10mWatt/(cm 2 *sr). 

has passed through the spectrally selective filter Some retinal irradiance studies have been in terms of 

and the polarizer. exposure to extended sources while others are in terms 

Ewrt/«iXI)=the unfiltered corneal spectral irradiance of specular sources. The image of a specular source is 

of vertically polarized light caused by an image of not perfectly focussed and is moved across the retina by 

the sun in W/cm 2 *nm). the motion of the eye resulting in a larger effective area 

T/7/ ff ^I)=the spectral transmission of the sunglass and lower effective irradiance than would be expected 

niter without polarization. if the irradiance were perfectly focussed in one place. A 

BLH(I)= the blue light hazard function as a function 1 micro Watt/cm 2 point source produces the same reti- 

of wavelength 3Q nal irradiance as a 10 milliwatt/cm 2 *sr extended source 

Al=the interval of wavelength at which measure- over the area it affects. The resulting damage thresholds 

ments are taken and the calculation is made. are shown in the Table below: 
W-cn wavelength—^ cut-on wavelength best suited to 

the usage environment described by B. V erticafJ)- 
. A similar argument can be made for extended 
sources. This derivation uses equations [10], [12], and 



Thresholds for Damage 

35 Damage Specular Extended 

[141 instead of equations [1 11, [131, and [15] .Tnisareu- Solar Retinitis 1.0 microW/cm 2 10.0 mW/(cm 2 *sr) 

merit yields the following eqwtioS which can be solved Night Vision 0-02 microW/cm 2 o^w/^sr) 

iteratively for the cut-on wavelength, hut-cn wavelength, 

which reduces the radiance viewed by the eye of the ^ For our purposes in developing a quantitative method 
sunglass wearer to a safe level (10 mWatt/(cm 2 *sr) for of choosing the appropriate cut-on wavelength, the 
solar retinitis, 0.2 mWatt/(cm 2 *sr) for night vision loss): more protective standard of 0.02 microW/cm 2 (for 

point sources) and 0.2mW/(cm 2 *sr) for extended 



10mWatt/(cm 2 »rr) > « Lipoj/i/W = . M0 $ Mn Tfi lt M ¥ L*rteM 9 BLH{ir A/ 
(or 0.2 mWatt/(cm 2 *ir)) latum mlngtk 



[23] 



Where: 

Lipfltfrter*/=the total corneal radiance, in SO 

Watt/Xcm^sr), which results after the incident sources) was chosen. However, for applications where 

light has passed through the spectrally selective preservation of night vision is not important, the less 

filter and the polarizer. protective standard of 1.0 microW/cm 2 (for point 

LvertfcaKI)=the unfiltered corneal spectral radiance of sources) and 10.0 mW(cm 2 *sr) (for extended sources) 

vertically polarized light caused by an image of the 55 can be used. 

sun in Watt/(cm 2 *sr*nm). Standards based on the above Table are presently not 
T/?/ /CT (I)=the spectral transmission of the sunglass used in the sunglass industry and are an innovation of 
filter without polarization. the inventors. The standard is referred to as the Eye 
BLH(I)— the blue light hazard function as a function Protection Factor (EPF). The EPF standard is based on 
of wavelength 60 how well the sunglass blocks harmful radiation relative 
Al=the interval of wavelength at which measure- to the thresholds described above for a standard condi- 
ments are taken and the calculation is made. tion and results in a rating number which a consumer 
Icvt-on wavelength = the cut-on wavelength best suited to can use in a manner similar to the Sun Protection Factor 
the usage environment described by Lvcrf«j/(I). (SPF) numbers shown on suntan lotions. 

65 In view of the above disclosure it is the primary ob- 



Standards Based On Effects 

re been several research repor 
which describe the microanatomical and functional dye and a polarizer to produce a lens that substantially 



ject of the invention to disclose a sunglass lens design 
There have been several research reports presented and process for making the lens that uses a combination 
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blocks ultraviolet radiation, blue light, and horizontally polarized incident radiation at each and every wave- 
polarized light The result of this is a lens that: length, 
can be used for an extended period of time without Sharp cut-on. For the purpose of this invention, sharp 
damage or disciomfort, cut-on is defined in the context of a dye or filter, having 

improves visual acuity, 5 a cut-on slope that rises more than one half percent 

protects against long term eye damage, (0.5%) change in transmission for every one nanometer 

preserves night vision, of increasing wavelength change. The cut-on slope is 

reduces risk of eye disease, that portion of the transmission spectra of a cut-on dye 

reduces the onslaught of radiation which results in that represents the transition between substantially 
aging of the eye tissues and taxes regenerative pro- 10 blocking region and the substantially transmissive re- 
cesses in the eye. {P 00 * A cut-on filter is an optical filter that substantially 
In addition to the primary objects it is also an object Wocks all wavelengths shorter than the cut-on wave- 
of the invention to have a lens that is: length and substantially transmits all wavelengths that 
cost effective and safe to own, m longer than the cut-on wavelength. The cut-on 
cost effective and safe to manufacture, 15 wavelength is that wavelength in the transition zone at 
mechanically easy to handle and use, which ^ franmission is 1 percent 
adaptable to a variety of sunglass frames, Combination dye. For the purpose of this invention, a 
adaptable to a variety of visual environments, combination dye is defined as being made from a mix- 
can be used in applications other than for sunglasses „ A of two dyes who's ultraviolet transmission holes do 
Theseandotherobjectsandadvantagesoftheinven- 20 notsubstantially overkp. 
turn will become apparent from the subsequent detailed . ™* P rc ^ d em 1 ^ liment of the ^ention as shown 
description of the invention and me claims taken in m FlGS \ 1 th F°**\ *> is compnsed of the following 

♦u- ™ ,w„;™ seven major elements: a plastic lens 12, a sharp cut-on 

conjunction with the accompanying drawings. mter 14> J a horizontally ^a^g fllm 16f a c P omb ina- 

BEST MODE FOR CARRYING OUT THE 25 tion dye 18, a dispersed orange three sharp-cut-on dye 
INVENTION 20, a dispersed red two sharp-cut-on dye, and a dis- 

r-. , , c ... . tti* peresed yellow twenty-three sharp-cut-on dye 24. 

^ebestmode for carrying out the mvenUveUltrav,- The ^ 10 as used in this invention is primarily a 
olet radiaton and blue light blockmg poknzed lens 10 blockin lens rather ^ a transmissiv e lens and is cast 
is presented in terms of a preferred embodiment that is 3Q from ^ tical lastic or tical lass> In ^ ferred 
pnmanly desired for mounting on a pair of sunglasses. embodlm ^ the ^ ^ cast from ^ optical hard-resin 
The lens 10 substantiany blocks honzonteUy poknzed lastic made from a ^ Myl glycol carb0 nate monomer 
hght and selectively blocks wavelengths in the electro- such ^ a CR-39 po^g,.. CR _ 39 & a registered trade- 
magnetic spectrum that lie between 300 and 549 nano- maric 0 f fa e Pittsburgh Plate Glass Company having its 
meters and allows 30 to 40 percent of wavelengths in 35 principal offices in the United States of America. The 
the visible portion of the spectrum, that are longer than CR.39 polymer possesses properties that under con- 
625 nanometers, to be transmitted. The selective block- trolled conditions allows the lens to be easily dyed with 
ing is controlled by a sharp cut-on filter selected to &<> selected dispersed dyes, described infra, that pro- 
cut-on at either 450, 500, 515, 530, or 550 nanometers. ^ ^ required wavelength blocking. 
Only wavelengths longer than 300 nanometers need be 40 Sunlight is composed primarily of visible light and 
blocked due to atmospheric absorption of shorter wave- invisible radiations known as Ultraviolet and Infrared, 
lengths. Most persons exposed to bright light, especially sun- 

The lens 10 in the disclosure that follow refers to Ught, for any period of time are more comfortable when 
various terms. To facilitate the understanding of the wearing sunglasses that block wavelengths in the 400 to 
invention, these terms are initially defined. 45 780 nanometer range. Conventional sunglass lenses that 

Electromagnetic spectrum. For the purpose of this block in this range reduce excessive glare, which can 
invention, the spectrum has a lower limit of 300 nano- cause eye discomfort but they hamper visual acuity 
meters and an upper limit of 780 nanometers. The visi- because of their necessarily low transmission, 
ble portion of the spectrum is further defined as falling The blocking feature of the inventive lens 10 is 
between 400 and 780 nanometers. 50 achieved by the sharp cut-on filter 14 which is used in 

Transmission. The percentage of light that is passed combination with the horizontally polarizing film 16. 
through a lens. The function of the filter 14 is best understood by refer- 

Blocking. The opposite of transmission and is a mea- ring to FIG. 1 which discloses the spectral curves of the 
sure of the percentage of light that is either reflected by invention. 

the surface or surface coatings or absorbed by the dye 55 The spectral curves are divided into a blocking zone, 
or plastic of the lens. a transition zone and a transmissive zone. The curves 

Substantially blocking. When used with reference to define the transmission spectra of a family of sunglass 
wavelengths, it is defined as blocking over 99 percent of lenses having sharp cut-on filters at wavelengths of 450, 
the incident radiation at each and every wavelength. 500, 515, 530, and 550 nanometers. 
When used with reference to polarization, it is defined 60 If a filter 14 having a cut-on at 450 nanometers is 
as blocking 80 percent or more of the horizontally po- selected, the blocking zone and the transmissive zone 
larized incident radiation at each and every wavelength. are common to other members of the family. In this 
Conversely, substantially transmitting, when used with case, wavelengths between 300 and 449 nanometer are 
reference to wavelengths, is defined as transmitting substantially blocked up to the transiton zone where the 
more than 1 percent of the incident radiation at each 65 sharp cut-on filter 14 cuts-on at 450 nanometers and 
and every wavelength. When substantially transmitting steeply rises up to the transmissive zone where 30 to 40 
is used with reference to polarization it is defined as percent of the wavelengths that are longer than 625 
transmitting 20 percent or more of the horizontally nanometers are transmitted. 
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If a cut-on filter 14 other tba at 450 nanometers is UV hole will be absorbed to less than one percent, 
selected, the range of the blocking zone increases (dis- Unfortunately, the time required for this UV reduction 
placed horizontally). For example, if a 500 nanometers will cause the polarizer to fail due to the time the polar- 
cut-on filter is selected, wavelengths between 300 and izing film 16 is heated in the dye and exposed to the dye 

499 nanometers would be blocked up to and into the 5 chemicals. 

transition zone where the sharp cut-on filter 14 would The minimum time the lens 12 must be in the dye is 
cut-on at 500 nanometers; likewise, a cut-on at the maxi- determined by how long it takes to fill the UV hole. By 
mum 550 nanometer would allow wavelengths between using the combination dye 18, as shown in FIG. 2 Curve 

500 and 549 nanometers to be blocked before the cut-on C, the time and temperature required to remove the UV 
filter cuts-on at 550 nanometers. In all cases of the pre- 10 holes can be reduced as shown in FIG. 2 curve A to 
ferred embodiment, the transmissive zone, beyond 625 allow the polarizer film 16 to survive the manufacturing 
nanometers, remains fully open transmitting between 30 process. 

to 40 percent at each and every wavelength out into the The hot-dip dyeing process is the most commonly 
infrared region. In the preferred embodiment, 30 to 40 used process for dying ophthalmic lenses and is the basis 
percent of wavelengths longer than 625 nanometers, are 15 for the best mode process. The dyes that are used are 
transmitted. However, the transmittance of the trans- dispersed dyes, that is, they are molecules of oil soluble 
missive zone beyond the 625 nanometer point can be dye encased in a surfactant skin. The dyes are dispersed 
increased to any range between 10 and 90 percent by in water at a temperature of 98±1 degree centrigrade. 
the proper selection of the combination dye 18 and the When an encased molecule of dye contacts the plastic 
polarizing film 16. 20 surface the surfactant skin breaks and the oil soluble dye 

The principal novelty of the invention is in the ability molecule diffuses into the surface of the plastic lens, 
of the lens 10 by means of the sharp cut-on filter 14 in Increasing the dye concentration in the boiling water 
combination with the polarizer 16 to block ultraviolet dispersion does not increase the dyeing rate signifi- 
radiation, blue light and horizontally polarized light cantly but the danger that the dispersion will break 
While a calming effect is achieved by wearing only blue 25 down increases dramatically. When many dye mole- 
blocking lenses, the inclusion of the polarizer 16 sub- cules collide with one another their surfactant skin can 
stantially increases the calming effect and substantially break down and they can aggregate into a greasy lump 
improves vision without vision discomfort. Addition- of dye molecules that have lost their surfactant skins, 
ally, the inventive lens allows a specific degree of safety This lump sticks to the lens surface where it will form a 
without affecting the hormonal balance of the body any 30 visible spot on the lens. If the particular sharp cut-on 
more than necessary. These surprising and unexpected dispersed dye is allowed to diffuse into the plastic for a 
results have been explained by way of a hypothesis after long enough time and at a high enough temperature the 
the combination was reduced to practice and the effects UV hole will be reduced to acceptable levels to provide 
were experienced first hand. The complete explanation adequate eye protection and the required cut-on wave- 
of some effects must await further understanding of the 35 length. 

human brain and the interaction of the human eye with What was not known to the ophthalmic lens dying 
light In contrast, the limited improvement in visual industry was the fact that some dyes have their UV 
acuity and eye protection afforded by the elirnination of holes at slightly different wavelengths from one an- 
the Ultraviolet radiation and the reduction of blue light other. This off-set of the UV holes in different dyes is 
content is well recognized by researchers in the field. 40 the discovery that induced the process part of the in- 

The process that resulted in a successful reduction to stant invention, 
practice of the innovative lens 10 was not obvious at the The instant invention makes the sharp cut-on dyeing 
outset. The economic production of UV and blue block- of heat sensitive polarizers technically and economi- 
ing polarizing sunglasses is hampered by the fact that cally feasible. In the Best Mode Table, as shown in FIG. 
the currently manufactured plastic lens polarizers gen* 45 3, it can be observed that a combination of a dispersed 
erally consist of a sheet of heat sensitive polarizing film yellow twenty-three dye 24 and a dispersed orange 
laminated between two layers of the CR-39 polymer three dye 20 will produce the desired results of a sharp 
lens. The polarizer is formed by stretching the thin film cut-on filter in the shorter (light orange) wavelengths; 
so that the film molecules are aligned in a way that light and a combination of a dispersed orange three dye 20 
passing through the lens is polarized. When this film is 50 with a dispersed red two dye will produce a sharp cut- 
laminated in the cast CR-39 polymer it can withstand on filter with longer (dark orange) wavelengths. The 
the heating that is normally used to hot-dip dye lenses dye concentrations were empirically determined to 
with cosmetic tints. These tints are usually very light produce a combination of dyes that would not produce 
shades of pastel colors that add a decorative and indi- the greasy lumps and would dye the heat sensitive po- 
vidualizing feature to the lens. The requirement for 55 larizer lens fast enough that they would not be de- 
dying the lens to the level that is required by the instant stroyed. The best mode table of FIG. 3 provides the dye 
invention for full eye protection and maximum visual combination 18, the required time and temperature to 
acuity required a time and temperature in the hot-dip provide the specific cut-on wavelength desired. The 
dye vessels that destroyed the polarizing effect of the table also includes the recommended uses for the UV 
lens 10. 60 and blue blocking polarizing lens 10. Although not 

It is also known in the art that commercially available considered a preferred method, the lens may be applied 
dispersed sharp cut-on dyes suitable for the hot-dip by the combination dye at a temperature of 37±1 de- 
dying of CR-39 plastic lenses have a significant UV gree centigrade where the time is between 7 and 10 
radiation transmission. This UV transmission is some- days. 

times referred to as a "UV hole". The cut-on dyes, as 65 The polarizer 16 combined with the lens 12 adds a 
shown in FIG. 2, Curves A and B, used in this invention polarizing screen that blocks horizontally polarized 
each have a "UV hole". If the lens 12 is allowed to light The film used, as previously mentioned, is sensi- 
become sufficiently dark by extending the dye time, the tive to chemical and temperature damage. Thus a polar- 
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ized film that is exposed to heat and chemicals (such as In FIG. 7, the polarizing film 16 is laminated and the 
a dye) after a period of time will fail and cease to block dye is in a coating or a laminated dyeable film that is 
the polarized light A typical polarizing film 16 failure bonded to the inside or outside of a plastic or glass lens 
curve is shown in FIG. 4 Curve A. The area above 12. If the plastic or glass lens is photochrome and the 
Curve A constitutes the polarizer failure region while 5 dyeable film is on the inside (concave) of the lens the 
below Curve A is the safe region. Therefore, to safely dyes will block the UV necessary to activate the photo- 
dye polarizing lenses, the dyes must be selected so that chromic material before the UV enters the eye. 
the required optical density can be achieved within the The synergistic effect of having a lens 12 with a po- 
enclosed area shown in FIG. 4 area B which is below larizer 16 and a combination dye 18 that substantially 
the polarizer failure Curve A. In other words, the dye 10 absorbs blue light results in a lens that provides effective 
time and temperatures shown in FIG. 3 must be selected protection to the retina. The ideal situation is to mini- 
to fall within the safe region shown in area B. The the need for blue blocking, by staying below the 

downward inflection of Curve A is due to the chemical damage-repair threshold, and eliminating the thermal 
degradation of the polarizing lens that occurs after ex- heating of the retina by the glints of light that pass 
tended periods of time in the dye at low temperature. 15 ^ T0SS rctina 85 bussed "> the Disclosure of the 
A search was made for sources of polarizers which Invention section. The inventive lens 10 accomplishes 
had as high a Curve A as possible. One such lens, a heat b * ' Wockmg the ^horizontally polarized 
resistant polarizer which did not delaminate or fail at &g of m me blue a^ UV wavelengths, 
required time and temperature, is known as "R-plano ^ . The combination dye 18 avadable for use with the 
smoke color as in invoice 10-324" and is procured from 20 ens J? can * c * lTO *i t0 su ^**^ ^ wa ^ 
the Alpha Company Ltd, in Jap^ Of the numerous 

£ fected wi^ P , dependcm « 

mttuui U7U " 7 ,, 7. / , j \ • 1 the comfort of the user in a specific usage environment, 
also found that could sometimes by dyed with a single ^ mc ^ Qf ^ le ^ depends S upon the timCt 

dye (orange or yellow) for longer times and higher ^ ^ componcnt dyeVused to make the 

temperatures. However, because of the expensive heat combination dye 

resistant lens, the use of one dye is not considered the To ^ alens u „ 0 tical lastic lens having a 
best mode, but it is another possible way to make the ?o]ax ^ slB fUm 16 embedded therein is procured. If a 
lens 10. 30 cut-on wavelength at 450 nanometers is desired, a corn- 
Other ways to make the polarized lens include: bination dye 18 is applied to lens 12 by a hot-dip combi- 
laminating a film onto or between a pre-dyed UV and nation dispersed d ye process. The process essentially 
blue blocking lens blank, consists of immersing the lens into a vessel containing a 
dying the lens with an embedded polarizer in a sol- mixture of dispersed yellow twenty-three dye 24 and a 
vent dye, and/or mixing the dye into the monomer 33 dispersed orange three dye 20 in a concentration ratio of 
before molding around a polarizing film. approximately 1 to 1. The lens 12 remains in the vessel 
While under some circumstances these techniques for a period 0 f 2.5 minutes at a temperature of 98± 1 
could be desirable, their complexity, tooling costs and degree centigrade. 

minimum manufacturing quantities make them econom- if a cu t-on wavelength at 500 nanometers is desired, 

ically unfeasible for smaller scale operations. 40 the lens 12 is immersed into a vessel containing a mix- 

For intermediate scale production, lenses can be dyed turc 0 f dispersed yellow twenty-three dye 24 and a 

using the best mode time, temperatures and dye concen- dispersed orange three dye 20 in a concentration ratio of 

trations shown in FIG. 3. approximately 1 to 1 for a period of 5.0 minutes at a 

For large scale production, lenses can be dyed using temperature of 98±1 degrees centigrade, 

the best mode time, temperatures and dye concentra- 45 p 0 r a cut-on wavelength at 515 nanometers, the lens 

tions in FIG. 3. 12 is immersed into a vessel containing a mixture of 

After the lenses are dyed they are edged by standard dispersed yellow twenty-three dye 24 and a dispersed 
industrial edging machines well known in the ophthal- orange three dye 20 in a concentration ratio of approxi- 
mic industry. The lenses are then mounted in metal or mately 1 to 1 for a period of 12.0 minutes at a tempera- 
plastic frames suitable for the various occupations and 50 ture of 98±1 degrees centigrade, 
recreations mentioned in the Best Mode Table of FIG. For a cut-on wavelength at 530 nanometers, the lens 
3. Before the completed sunglasses are shipped they are X2 is immersed into a vessel containing a mixture of 
compared to spectral standards to insure they meet the dispersed red two dye and a dispersed orange three dye 
required cut-on filter requirements and the required 20 in a concentration ratio of approximately 1 to 1 for a 
polarization performance. The sunglasses are inspected 55 period of 4.5 minutes at a temperature of 98 ± 1 degrees 
for imperfections and proper assembly in the frames. centigrade. 

The polarizing film 16 as used with various combina- For a cut-on wavelength at 550 nanometers, the lens 

tions of dye locations is shown in crossection in FIGS. 12 is immersed into a vessel containing a mixture of 

5, 6, and 7. dispersed red two dye and a dispersed orange three dye 

In FIG. 5, the dye is absorbed into the surface of the 60 20 in a concentration ratio of approximately 1 to 1 for a 

plastic lens 12 and the polarizing film 16 is laminated period of 12.0 minutes at a temperature of 98 ± 1 degrees 

between two lens halves of cast or preformed plastic. centigrade. 

The dye in this case is absorbed into the lens surface by The best mode process for preparing the lens 12 is the 

a hot-dip dispersed dye process or a cold-dip solvent hot-dip combination dispersed dye process described 

dye process. 65 supra. Other processes that may also be used to apply 

In FIG. 6, the dye is mixed into the cast or preformed the combination dye 18 or individual dyes include a 

plastic lens 12 before the plastic is cast. Two halves are laminate film process, a solvent dyed coating process, a 

then laminated on either side of the polarizing film. cold-dip solvent-dye process and a pre-solvent-dyed 
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molded-plastic process. The additional processes are meters away from the glass window of the car in front 
well known in the art and are therefore not described. of it The glass window has a radius of curvature of 4 

The processes that use the combination dye 18 may meters. The hazard weighted irradiance is 39.60 mi- 
be used for all the sharp cut-on filters 14 described croW/cm 2 which is far above the threshold for both 
earlier. For filters that cut-on between 450 and 530 a S solar retinitis and night vision loss. With a 530 cut-on 
single orange or red hot-dip dye may be used with spe- filter, the irradiance drops to 0.24 micro W/cm 2 which is 
rial heat resistant polarizing lenses. slightly above the threshold for solar retinitis and far 

In this alternative process, if a cut-on at 450 nanome- above the threshold for night vision loss. With the addi- 
ters is desired, the lens 12 is immersed into a vessel tion of the polarizer, the hazard weighted irradiance is 
containing the yellow twenty-three dye 24 for a period 10 reduced to 0.002 micro W/cm 2 which is below the night 
of 16 minutes at a temperature of 98 ± 1 degrees Centi- vision loss threshold. 

grade. The typical situation for the fisherman is as follows: 

For a cut-on at 500 nanometers, the lens 12 is im- The time is noon, with the sun at zenith. The fisherman 
mersed into a vessel containing the orange three dye 20 is 6 meters away from the water which has low waves 
for a period of 5 minutes at a temperature of 98± 1 15 on it with a radius of curvature of 6 meters. The hazard 
degrees Centigrade. weighted irradiance is 8.20 microW/cm 2 which is far 

For a cut-on at 515 nanometers, the lens 12 is im- above the threshold for both solar retinitis and night 
mersed into a vessel containing the orange three dye 20 vision loss. With a 550 cut-on filter, the irradiance drops 
for a period of 12 minutes at a temperature of 98 ±1 to 0.045 micro W/cm 2 which is below the threshold for 
degrees Centigrade. 20 solar retinitis but above the threshold for night vision 

For a cut-on at 530 nanometers, the lens 12 is im- loss. With the addition of the polarizer, the hazard 
mersed into a vessel containing the orange three dye 20 weighted irradiance is reduced to 0.005 micro W/cm 2 
for a period of 18 minutes at a temperature of 98±1 which is below the night vision loss threshold, 
degrees Centigrade. The most protective filter is the 550 cut-on. The 550 

For a cut-on at 550 nanometers, the lens 12 is im- 25 cut-on was selected as a limit because it is the greatest 
mersed into a vessel containing the red two dye for a cut-on which does not interfere with rcd-green-yellow 
period of 18 minutes at a temperature of 98 ±1 degrees color discrimination which is needed for safety with 
Centigrade. traffic signals. This traffic signal recognition was deter- 

The standard temperature of 98± 1 degree as used in mined experimentally. This lens is the one of choice for 
the preferred process may be changed to 37 ± 1 degrees 30 persons requiring the maximum protection such as those 
Centigrade. When the lens 12 is immersed at this lower with diseased retinas i.e. Retinitis Pigmentosa, age- 
temperature, the time required is about 7 to 10 days. related macular degeneration etc. However, the lens 

The combination dye 18 selected for use with the lens may also be worn by others seeking maximum protec- 
12 is dependent upon its ultimate use. All reasonable tion. 

viewing problems can be solved by using a polarized 35 The typical situation for the police officer is as fol- 
lens incorporating sharp cut-on filter 14. Five typical lows: The time is noon, with the sun at zenith. The 
problem situations are considered: a lifeguard, a boater, driver is 5 meters away from the glass window of the 
a fisherman, a driver, and a pilot— the hazard weighted car in front of it. The glass window has a radius of 
irradiance referred to in the discussion as well as other curvature of 4 meters. The hazard weighted irradiance 
numerical and technical notations are derived and de- 40 is 39.60 microW/cm 2 which is far above the threshold 
scribed in the Disclosure of the Invention section. The for both solar retinitis and night vision loss. With a 450 
spectra of these lenses are shown in FIG. L. cut-on filter, the irradiance drops somewhat, but be- 

The typical situation for the lifeguard is as follows: cause of the need for color verity by the officer to cor- 
The time is noon, with the sun at zenith. The lifeguard rectly identify the color of vehicles, the officer is above 
is 8 meters away from the water which has waves on it 45 threshold for both the night vision loss threshold and 
with a radius of curvature of 3 meters. The hazard the solar retinitis threshold. However, he is still better 
weighted irradiance is 3.27 microW/cm 2 which is far off than if he did utilize the polarizing blue blocking 
above the threshold for both solar retinitis and night lens. 

vision loss. With a 500 cut-on filter, the irradiance drops The typical situation for the pilot is as follows: The 
to 0.036 microW/cm 2 which is below the threshold for 50 time is noon, with the sun at zenith. The pilot is a highly 
solar retinitis but above the threshold for night vision variable distance from cloud cover which can change 
loss. With the addition of the polarizer, the hazard on short notice from overcast to brilliant sun. The state 
weighted irradiance is reduced to 0.004 microW/cm 2 of polarization can also change dramatically depending 
which is below the night vision loss threshold. upon the direction of the sun and the could directions. 

The typical situation for the boater is as follows: The 55 For these reasons it is difficult to predict the hazard the 
time is noon, with the sun at zenith. The boater is 4.5 pilot is exposed to. However, it is known that the pilot 
meters away from the water which has waves on it with is exposed to far more intensity of overall blue and UV 
a radius of curvature of 3 meters. The hazard weighted due to the altitude. (Atmosphere absorbs UV and blue 
irradiance is 8.20 micro W/cm 2 which is far above the light to some extent so persons at high altitude are at 
threshold for both solar retinitis and night vision loss. 60 greater risk than those close to sea level.) A pilot may 
With a 515 cut-on filter, the irradiance drops to 0.063 be any cut-on lens from 515 to 550 to mitigate the dam- 
micro W/cm 2 which is below the threshold for solar age. The unexplained effect of this invention which 
retinitis but above the threshold for night vision loss. allows them to be used over a wide range of light condi- 
With the addition of the polarizer, the hazard weighted tions will be of use to the pilot, 
irradiance is reduced to 0.007 microW/cm 2 which is 65 In general, for situations where the usage environ- 
below the night vision loss threshold. ment is well known and defined, the suggested cut-on 

The typical situation for the driver is as follows: The can be determined by the quantitative methods de- 
time is noon, with the sun at zenith. The driver is 5 scribed by equations [22] and [23]. In those situations 
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where the usage environment is ill defined or highly Lwtfcai(I)=the unfiltered corneal spectral radiance of 

variable, the suggested cut-on can be determined by the vertically polarized light caused by an image of the 

comfort of the user in a specific usage environment. sun in Watt/(cm 2 *sr*nm); 

While the invention has been described in complete T/?/«y(I)=sthe spectral transmission of the sunglass 

detail and pictorially shown in the accompanying draw- S filter without polarization; 

ings it is not to be limited to such details, since many BLH(I)=the blue light hazard function as a function 

changes and modification may be made to the invention of wavelength; 

without departing from the spirit and the scope thereof. AI=the interval of wavelength at which measure- 

For example, the inventive lens 10 also has application ments are taken and the calculation is made; 

in automobile and aircraft windshields, special applica- 10 Uut-on wavelmgth^the cut-on wavelength best suited to 

tion windows, flight, ski and welding goggles or visors, the usage environment described by Lwmcaff)- 

and in microscopes, telescopes or ophthalmoscopes. 3. The sunglass lens as specified in claim 1 wherein 

Hence, it is described to cover any and all modifications said means to substantially block wavelengths between 

and forms which may come within the language and 300 nanometers and a specific sharp cut-on wavelength 

scope of the claims. 15 of 450 nanometers, to transmit between 10 and 90 per- 

We claim: cent of the wavelengths longer than 625 nanometers 

1. A sunglass lens comprising: and to substantially block horizontally polarized light, is 

(a) means to substantially block wavelengths in the accomplished by .incorporating into said lens a polar- 
electromagnetic spectrum that are between 300 ized sharp cut-on filter that cuts-on at 450 nanometers, 
nanometers and a specific sharp cut-on wavelength 20 4. The sunglass lens as specified in claim 1 wherein 
that is selected between a range of 450 and 550 said means to substantially block wavelengths between 
nanometers, where the selection of the specific 300 nanometers and a specific sharp cut-on wavelength 
cut-on wavelength is based on a trade-off between of 500 nanometers, to transmit between 10 and 90 per- 
visibflity and safety that is determined quantita- cent of the wavelengths longer than 625 nanometers 
tively, 25 and to substantially block horizontally polarized light, is 

(b) means to substantially transmit wavelengths in the accomplished by incorporating into said lens a polar- 
visible portion of the electromagnetic spectrum ized sharp cut-on filter that cuts-on at 500 nanometers, 
that are longer than 625 nanometers, and 5. The sunglass lens as specified in claim 1 wherein 

(c) means to substantially block horizontally polar- said means to substantially block wavelengths between 
ized light. 30 300 nanometers and a specific sharp cut-on wavelength 

2. The sunglass lens as specified in claim 1 wherein of 515 nanometers, to transmit between 10 and 90 per- 
the selection of the specific cut-on wavelength, that is cent of the wavelengths longer than 625 nanometers 
based on a trade-off between visibility and safety, is and to substantially block horizontally polarized light, is 
determined quantitatively by application of the follow- accomplished by incorporating into said lens a polar- 
ing formulas; 35 ized sharp cut-on filter that cuts-on at 515 nanometers. 

for point sources: 6. A sunglass lens as specified in claim 1 wherein said 

, 1400 nm 

0.02 microWatt/cm 2 > = Ebpoifiitmd = 2 Tfu t M*^ytrticai^BLH{l) n M 

* cut-ox wavelength 

where: means to substantially block wavelengths between 300 

Ew/j/ttrerf=the total corneal irradiance, in nanometers and a specific sharp cut-on wavelengths of 

Watts/cm 2 , which results after the incident light 530 nanometers, to transmit between 10 and 90 percent 

has passed through the spectrally selective filter 4 , of the wavelengths longer than 625 nanometers and to 

and the polarizer; substantially block horizontally polarized light, is ac- 

EverticalQ) = the unfiltered corneal spectral irradiance complished by incorporating into said lens a polarized 

of vertically polarized light caused by an image of sharp cut-on filter that cuts-on at 530 nanometers. 

the sun in W/(cm 2 *um); 7. The sunglass lens as specified in claim 1 wherein 

T/?/ w/ (I)=the spectral transmission of the sunglass ^ said means to substantially block wavelengths between 

filter without polarization; 300 nanometers and a specific sharp cut-on wavelength 

BLH(I)=the blue light hazard function as a function of 550 nanometers, to transmit between 10 and 90 per- 

of wavelength; cent of the wavelengths longer than 625 nanometers 

Al=the interval of wavelength at which measure- and to substantially block horizontally polarized light, is 

ments are taken and the calculation is made; 55 accomplished by incorporating into said lens a polar- 
Won waidength=the cut-on wavelength best suited to ized sharp cut-on filter that cuts-on at 550 nanometers. 

the usage environment described by E wrt / M /(I); 8. The sunglass lens as specified in claims 3, 4 or 5 

for extended sources: wherein said sharp cut-on filter that cuts-on at 450, 500 

_ 1400 nm 

0.2 mWatt/(gm 2 Vr) > = Lbpoifilami - , 2 TfHuAtfL^mcai^BLH^ U 

*cut-on wavelength 

or 515 nanometers is incorporated into said lens by 

where: applying to said lens a combination dye derived from a 

Lbpolfiitend^tiie total corneal radiance, in 65 mixture of a yellow dye and an orange dye. 

Watt/(cm 2 *sr), which results after the incident 9. The sunglass lens as specified in claims 6 or 7 

light has passed through the spectrally selective wherein said sharp cut-on filter that cuts-on at 530 to 

filter and the polarizer; 550 nanometers is incorporated into said lens by apply- 
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ing to said lens a combination dye derived from a mix- u - The sunglass lens as specified in claim 13 wherein 

e j j j j said optical plastic is comprised of di-allyl glycol car- 

ture of an orange dye and a red dye. bonate. 

10. The sunglass lens as specified in claims 3, 4, 5 or 15. The sunglass lens as specified in claim 1 wherein 

6 wherein said sharp cut-on filter that cuts-on at 450, 5 said lens is made from optical glass. 

500, 5 15 or 530 nanometers is incorporated into said lens ™ **» lens » «Pf m ^ta 11 wherein 

said polarizing filter apphcation means is accomplished 

by applying to said lens an orange dye. by j^^g a polarizing film into said lens. 

11. The sunglass lens as specified in claim 1 wherein 17. The sunglass lens as specified in claim 12 wherein 
said means to block horizontally polarized light is ac- 10 said polarizing film is dyed prior to laminating said 

complished by a horizontally polarizing filter that is po ]^i? S fflm ; , J . , . ^ . 

H 3 7 F 5 18. The sunglass lens as specified in claim 16 wherein 

applied to said lens by an application means. said polarizing film is dyed prior to molding said polar- 

12. The sunglass lens as specified in claim 11 wherein izing film. 

said polarizing filter application means is accomplished 15 The sunglass lens as specified in claims 8 or 9 

by laminating a polarizing film into said lens. <*™f™*S a ? heat-resisting ^polarizing film to 

uy uuiuimmifi a puiaii^ui^ *um which said dye is applied by an application means pnor 

13. The sunglass lens as specified in claim 1 wherein to laminating said. film. 

said lens is made from optical plastic. * • • * • 
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